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1. OBJECTIVE 

The objective of this study was to evaluate the potential subchronic toxicity of K32 in male and 

female rats that was likely to arise from repeated exposure via oral gavage over a test period of at 

least 28 days.  A no-observed-adverse-effect-level (NOAEL) was sought for each sex. 

2. SUMMARY 

A 28-day oral toxicity study was conducted in CRL: Sprague Dawley CD
®
 IGS rats to determine 

the tolerability and general toxicity of K32.  Forty healthy rats (20 males and 20 females) were 

selected for the test and distributed into four groups (5/group/sex; 1 vehicle control and 3 test 

substance groups).  Dose levels of 0 mg/kg/day for vehicle control (10% Dimethyl sulfoxide, 

DMSO, 50 % Propylene Glycol and 40 % Water), 250, 500, and 1000 mg/kg/day were selected 

for test Groups 1-4, respectively.   

An appropriate amount of the vehicle control or diluted test substance was administered daily via 

oral gavage to each rat for at least 28 consecutive days.  The test substance was administered at 

concentrations of 100 mg/mL (low dose), 200 mg/mL (intermediate dose), and 400 mg/mL (high 

dose) w/v solutions in vehicle.  The vehicle (10% Dimethyl sulfoxide, DMSO, 50 % Propylene 

Glycol and 40 % Water) and test substance preparations were administered at 2.5 mL/kg/day.  

Each dose was prepared daily. 

Based on the stability and concentration verification results, the animals are considered to have 

received the targeted concentrations of 100, 200, and 400 mg/mL K32.  All dose preparations 

were considered to be homogeneously distributed.  From Day 1 to Day 30, the percent change for 

K32 concentration was 1.6% for an overall test substance stability of 101.6%.  Average percent of 

target dose concentrations in the top, middle, and bottom strata of the samples were within 0.1, 

0.3, and 1.0% relative standard deviation (RSD) on Day 1 for target concentrations of 100, 200, 

and 400 mg/mL, respectively, indicating that the test substance was homogenously distributed in 

the dose preparations.  Concentration verification analysis resulted in 102.8, 206.2, and 404.7% 

on Day 1, 108.9, 218.5, and 438.7% on Day 14, and 107.1, 211.0, and 395.5% on Day 30 of 

target for low, intermediate and high dose concentrations of K32, respectively.  Stability of the 

neat test substance, as well as homogeneity, and concentration verification analysis of the dose 

preparations indicate that the test substance was stable, homogeneously mixed, and met the target 

concentrations in the dosing solution for all dose levels. 

Prior to study initiation and again on Day 25, the eyes of all rats on test were examined by focal 

illumination and indirect ophthalmoscopy.  The animals were observed for viability, signs of 

gross toxicity, and behavioral changes at least once daily during the study and weekly for a 

battery of detailed clinical observations.  Body weight and food consumption measurements were 

collected throughout the study.  Mean body weight gain and mean food efficiency were 

calculated. On Week 4 a functional and observational battery was performed on all animals. 

Motor activity was also assessed concurrently.  Samples for urinalysis evaluation were collected 

on Day 24. Blood samples were collected on study Day 24, males and females respectively, from 

all study animals for hematology, clinical chemistry determinations, and additional blood samples 

were collected for coagulation assessments prior to necropsy. Blood and brain samples were 

collected from all animals at termination for acetylcholinesterase analysis.  The animals were 

sacrificed on Day 32, and evaluated for any macroscopic changes and selected organs and tissues 

were collected for histopathological evaluation. 

There were no test substance-related mortalities or changes in clinical or detailed observations, 

functional observation battery, motor activity body weight, body weight gain, food consumption, 

or food efficiency during the study. 
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There were no test substance related changes in hematology and coagulation for male and female 

rats and no test substance related changes in serum chemistry parameters in male rats and 

urinalysis parameters in female rats. Small decreases in serum potassium observed for all female 

groups and minimal decreases in urine pH were observed for Group 3 and 4 males. These 

decreases were considered to have little toxicological relevance and no adversity due to the small 

magnitude of change, within PSL historical range values, and the lack of any other significant 

clinical or pathological correlates. 

There were no macroscopic, microscopic or organ weight findings attributed to test substance 

administration. 

The RBC and brain cholinesterase activities were reduced in Group 4 male and female rats. 

Under the conditions of the study and based on the toxicological endpoints evaluated, the no 

adverse effect level (NOAEL) for administration of K32 associated with systemic effects was 

determined to be 1000 mg/kg/day, for both male and female Sprague Dawley rats. The RBC and 

brain cholinesterase activities were reduced in male and female rats treated at 1000 mg/kg/day. 

3. TEST SUBSTANCE 

A. Source 

The test substance was provided by the Sponsor. 

B. Identification 

Two shipments of the same lot of test substance were received on March 10 and April 18, 2017, 

and identified using the following information provided by the Sponsor and Product Safety Labs 

(PSL) identification number. 

Product Name:  K32  

Lot #:  55700-30-13 

PSL ID:  170310-1R, 170418-2R 

Physical Description:  Off-White to Pale Yellowish Gel 

Composition:  K32: 97.6%; Water: 2.4% CAS # 7732-18-5 

Storage Conditions:  -5°C 

Expiration Date:  1/1/2022  

Documentation of the methods of synthesis, fabrication, or derivation of the test substance is 

retained by the Sponsor. 

C. Analysis 

The test substance, as received, was expected to be stable for the duration of the study.  Stability 

of the neat test substance and concentrations of the test substance in solution were determined as 

part of this study. 

D. Hazards 

Appropriate routine safety precautions were exercised in the handling of the test substance.  
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4. GENERAL TEST SYSTEM PARAMETERS 

A. Animal Requirements 

 Number of Animals:  40  4.A.1

 Number of Groups: 4 (3 dose levels per sex + 1 control group per sex) 4.A.2

 Number of Animals per Group: 10 (5 male, 5 female) 4.A.3

 Sex:  Male and female; females were nulliparous and non-pregnant. 4.A.4

 Species/Strain:  CRL Sprague-Dawley CD
®
 IGS rats 4.A.5

 Age/Weight:  Seven weeks at initiation; the weight variation did not exceed ± 20% 4.A.6

of the mean weight for each sex. 

 Supplier:  Charles River Laboratories, Inc.  Rats were shipped in filtered cartons by 4.A.7

truck. 

On May 4, 2017, forty-four (44) CRL Sprague-Dawley CD
®
 IGS rats (22 male and 22 female) 

arrived from Charles River Laboratories, with an assigned birth date March 18, 2017.  The rats 

were designated by the supplier to be approximately six to seven weeks of age upon arrival. 

B. Test System Justification 

The Sprague-Dawley
®
 rat is the system of choice because, historically, it has been a preferred and 

commonly used species for oral toxicity tests.  The current state of scientific knowledge does not 

provide acceptable alternatives to the use of live animals to accomplish the objective of this 

study. 

C. Animal Husbandry 

 Housing 4.C.1

The animals were individually housed in suspended stainless steel cages which conform 

to the size recommendations in the latest Guide for the Care and Use of Laboratory 

Animals (Natl. Res. Council, 2011).  Litter paper placed beneath the cage was changed at 

least three times per week.  The animal room had a 12-hour light/dark cycle and was kept 

clean and vermin free.   

 Animal Room Temperature and Relative Humidity Ranges 4.C.2

The temperature and humidity ranges were 19-23C and 43-61%, respectively. 

 Acclimation   4.C.3

The animals were conditioned to the housing facilities for five days prior to testing.  

Body weights and clinical observations were recorded at least two times prior to study 

start. 

 Feed 4.C.4

2016 Certified Envigo Teklad Global Rodent Diet
®
 (Envigo Teklad, Inc.) was stored in a 

dedicated temperature and humidity monitored feed storage site and was available ad 

libitum during acclimation and throughout the study.   
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 Water   4.C.5

Filtered tap water was available ad libitum from an automatic watering access system. 

Water analysis was conducted by Precision Analytical Services, Inc., Toms River, NJ and 

South Brunswick Municipal Water Supply, South Brunswick, NJ. 

 Contaminants   4.C.6

There were no known contaminants reasonably expected to be found in the food or water 

that would interfere with the results of this study.  Routine analysis consisting of each lot 

of feed used in this study was received from Envigo Teklad, Madison, WI.  Water 

analysis was conducted periodically and the records are kept on file at Product Safety 

Labs.  The date of the most recent analyses is reported in Appendix B. 

 Viral Screen 4.C.7

The animals used in this study were considered to be pathogen-free as received from the 

vendor (Section 4.A.).  Rodent-health surveillance for study animals was monitored by 

designating three rats as “sentinels” for the study room (Animals 108M 6/9/2017, 130F 

6/9/2017, 132F 6/9/2017, and 109M 6/9/2017).  Sentinels were housed under the 

conditions of the study, on racks alongside study animals, during the study (May 8 

through June 8, 2017).  These animals were not a part of the study and were clearly 

marked as such.  A serum sample was collected from each sentinel rat for screening of 

common rat pathogens (Rat Parvovirus, Toolan’s H-1 Virus, Kilham Rat Virus, Rat 

Minute Virus, Parvovirus NS-1, Rat Coronavirus, Rat Theilovirus, and Pneumocystis 

carinii).  The serum samples were sent on ice to IDEXX BioResearch (Columbia, MO) 

for evaluation.  Serological pathogen screening results for the sentinels 108M 6/9/2017, 

130F 6/9/2017, 132F 6/9/2017, and 109M 6/9/2017, corresponding with this study, are 

reported in Appendix B.  The sentinel samples were negative for all pathogens evaluated 

and therefore, the study animals were considered to be healthy and reasonably free of 

common rat pathogens. 

D. Identification 

 Cage:   4.D.1

Each cage was identified by a cage card indicating at least the study number, dose level, 

group assignment, individual animal identification and sex of the animal. 

 Animal:   4.D.2

Each animal was given a sequential number in addition to being uniquely identified with 

a Monel
®
 self-piercing stainless steel ear tag.  Only the sequential animal number is 

presented in this report. 

5. EXPERIMENTAL DESIGN 

A. Route of Administration  

The test substance was administered by oral gavage 

B. Justification of Route of Administration  

The oral route of administration was selected by the Sponsor.  This route of administration is 

recommended in the referenced guidelines (Section 8.C.), and is a potential route of human 

exposure. 
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C. Control of Bias 

Animals were randomly assigned, stratified by body weight, to test groups. 

D. Dose Levels 

Five male and five female test animals were randomly assigned to each of the following test groups:  

Group 
No. Animals/Group 

(M/F) 
Target Dose Level 

(mg/kg/day) 

Dose Volume 

(mL/kg/day) 

Dose 

Concentration
a
 

(mg/mL) 

1 5/5
 Vehicle Control

b
  

0 

2.5  

0 

2 5/5 
Low Dose 

250 
100 

3 5/5 
Intermediate Dose 

500 
200 

4 5/5 
High Dose 

1000 
400 

a Appropriate concentrations of the test substance in vehicle to achieve the target dose level. 
b 10% Dimethyl sulfoxide (DMSO) 50% propylene glycol 40%Water. 

E. Justification of Dose Level Selection 

The dose levels of 0 (vehicle control), 250, 500 and 1000 mg/kg/day of K32 were selected by the 

Sponsor in consultation with the Study Director, based on the results of a previous range-

finding/toxicity study (Product Safety Labs, 2017).  The high dose was not expected to cause 

marked toxicity.  The low and intermediate dose levels were selected to derive a dose-response 

for any effects observed.  A NOAEL was expected to be achieved for this study. 

6. GENERAL PROCEDURES 

A. Selection of Animals 

After acclimating to the laboratory environment for five days, the rats were examined for general 

health and weighed.  Only rats free of clinical signs of disease or injury and having a body weight 

range within ±20% of the mean were selected for test.  Forty (40) healthy rats (twenty males; 

twenty females) were used on test. The animals weighed 197-221 grams (males) and 148-172 

grams (females) and were approximately seven weeks of age at initiation of dosing.  The rats 

used on test were randomly distributed, stratified by body weight, among the dose and control 

groups on the day of study start. 

B. Dose Preparations and Sampling Procedures 

 Test Substance Preparation 6.B.1

The test substance 40% was mixed weight to volume (w/v) with 10% Dimethyl sulfoxide 

(DMSO) and 50% propylene glycol to make the high dose (400 mg/mL) mixture. The 

mid (200 mg/mL) and the low dose (100 mg/mL) were prepared volume to volume (v/v) 

from the high dose mixture using the vehicle, 10% DMSO, 50% propylene glycol, and 

40% Water. Fresh formulations containing 100, 200 and 400 mg/mL concentrations of 

the test substance were prepared weekly, aliquoted and kept frozen (≤ -5°C) until used. 

The formulations were stirred until a visually homogeneous mixture was achieved.  

Heating was applied (up to 50ºC in water bath with sonication) and the dose preparations 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



Product Safety Labs 

Page 18  

Study Number 45082 

 

were cooled to physiological temperature prior to administration. Details of the dose 

preparations were not promptly documented in the raw data. However, chemical analysis 

found the preparations to be within target. 

 Dose Calculations 6.B.2

Individual doses were calculated based on the most recent weekly body weights and were 

adjusted each week to maintain the targeted dose level for all rats (i.e. mg/kg/day).  All 

doses were administered volumetrically at 2.5 mL/kg.  The control group received 

vehicle only, at the same dose volume as the test animals.   

 Dosing 6.B.3

Each animal was dosed by oral intubation using a stainless steel ball-tipped gavage needle 

attached to an appropriate syringe.  Dose administration was daily (7 days/week) for a period 

of at least 28 days.  The dose mixture was maintained on a magnetic stir plate during 

administration.  The first day of dose administration was considered Day 1 of the study.  

Dosing was at approximately the same time each day (±2 hours) with an exception on the 

day(s) hematology and/or clinical chemistry samples were collected.  Residual dose mixtures 

were properly discarded following daily administration and sampling (as required). 

C. Sampling of the Test Substance and Dose Preparations 

 Sampling 6.C.1

The neat test substance and dose preparations were sampled in duplicate. 

 Test Substance Stability   6.C.2

The test substance was expected to be stable over the course of the study under the 

conditions of storage at Product Safety Labs.  A sample of test substance (neat) substance 

was collected at the beginning and end of the in-life phase.  Initial and final results were 

compared to demonstrate test substance stability. 

 Dose preparation Stability   6.C.3

Given that the dose formulations was prepared weekly and frozen aliquots for daily 

administrations were thawed daily, and used within approximately two hours, the test 

substance in the preparations was considered to be stable. On Days 1, 4 and 7 samples for 

assessment of stability of the initial dose preparation was collected.   

 Dose Preparation Homogeneity   6.C.4

On the first day of dosing, formulations of each concentration were prepared according to 

the procedures as was used on test (Section 6.B.1).  Samples from these preparations 

were collected from the top, middle, and bottom of each concentration of test substance 

that was prepared in the control vehicle.  Samples of the vehicle control were sampled 

from the middle of the container only.  Samples were analyzed to verify the preparations as 

homogeneous and of accurate concentration throughout the study. 

 Dose Preparation Concentration Verification   6.C.5

The dose preparations were sampled at the beginning (as part of the homogeneity 

assessment, Section 6.C.4), near the middle, and again at the end of the study for 

verification of dose concentration.  Samples were collected from each concentration of 
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test substance that was prepared in the vehicle, and one sample from the vehicle control 

was collected. 

 Sample Preservation   6.C.6

Upon sampling, dose preparations and neat test substance were stored frozen.  Samples 

were considered stable from the point at which they were frozen. 

 Sample Analysis   6.C.7

The frozen samples described above were sent to Product Safety Labs Analytical 

Services for analysis of dose preparations and neat test substance samples. 

D. Analytical Chemistry 

 Sample Storage 6.D.1

Upon receipt, all samples were stored in a freezer prior to analysis. 

 Method Validation 6.D.2

Prior to sample analysis, the suitability of the method was demonstrated.  Method validation 

included, but was not limited to determination of linearity, precision and accuracy. 

 Reference Substance 6.D.3

Neat test substance sample served as the reference standard. 

 Chemical Analysis 6.D.4

Client method Ricerca document ID 035469-0 was adapted and validated by PSL personnel 

and appropriately employed as needed.  Samples were analyzed in replicate.  A detailed 

description of the analytical test method was documented.  Any remaining sample material 

was retained until the issuance of the final report. 

 Data Reporting 6.D.5

Data was captured on standard raw data sheets and as instrument output, as necessary, and 

summarized in tabular form. 

 Analytical Report and Records to be Maintained 6.D.6

A signed, analytical report was provided to the Study Director.  This report included the 

methodology, pertinent measurements, study results, GLP compliance statement signed by 

the Principal Investigator, Quality Assurance statement, and tabulated results.  Upon 

completion of the report, all raw data was transferred to the Study Director to be incorporated 

into the main study report. 

E. Ophthalmologic Evaluations 

During the acclimation period, the eyes of all rats being considered for study were examined by 

focal illumination, indirect ophthalmoscopy and, when indicated, slit-lamp microscopy.  

Mydriatic eye drops were administered prior to ophthalmoscopy and the eyes were examined in 

subdued light.  Subdued light was maintained in the animal room.  These procedures were 

repeated on all test animals prior to test termination. 
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F. Clinical Observations 

All animals were observed at least twice daily for viability.  Cage-side observations of all animals 

were performed daily during the study.  All findings were recorded. 

Prior to the first treatment with the test substance, and weekly thereafter, a detailed clinical 

observation was conducted while handling the animal, generally occurring on days that the 

animals were weighed and food consumption measurements taken.  Potential signs noted 

included, but were not limited to: changes in skin, fur, eyes, and mucous membranes, occurrence 

of secretions and excretions and autonomic activity (e.g., lacrimation, piloerection, pupil size, 

unusual respiratory pattern).  Likewise, changes in gait, posture, and response to handling, as well 

as the presence of clonic or tonic movements, stereotypies (e.g., excessive grooming, repetitive 

circling), or bizarre behavior (e.g., self-mutilation, walking backwards) were also recorded.  The 

date and clock time of all observations and/or mortality checks were recorded. 

G. Functional Observation Battery 

Once towards the end of the exposure period (4th week, Day 23), a functional observation battery 

(FOB) was performed on all surviving animals.  Each rat was evaluated during handling and 

while in an open field for excitability, autonomic function, gait, and sensorimotor coordination 

(open field and manipulative evaluations), reactivity and sensitivity (elicited behavior) and other 

abnormal clinical signs, including but not limited to convulsions, tremors, unusual or bizarre 

behavior, emaciation, dehydration, and general appearance.  The rats were observed in random 

order and without the observer having knowledge of the treatment group. 

H. Motor Activity 

Motor activity (MA) was also evaluated on all surviving animals.  This assessment coincided 

with FOB assessments.  Activity was monitored using an automated Photobeam Activity System
®
 

(San Diego Instruments, Inc.).  The system can monitor up to twenty-one animals during one 

session.  An equal number of animals assigned to motor activity assessment from each dose group 

was evaluated in each session, when applicable.  Each animal was placed into a polycarbonate 

solid bottom cage and the evaluation phase began immediately for that animal.  Each animal was 

evaluated for a single one-hour phase, with photobeam counts accumulated over six 10-minute 

intervals. 

I. Body Weight and Body Weight Gain 

Individual body weights were recorded at least two times during acclimation.  Test animals were 

weighed on Day 1 (prior to study start) and approximately weekly thereafter (intervals of 7 days ± 1).  

The animals were also weighed immediately prior to sacrifice in order to calculate organ-to-body 

weight ratios.  Body weight gain was calculated for selected intervals and for the study overall. 

J. Food Consumption and Food Efficiency 

Individual food consumption was measured and recorded to coincide with body weight 

measurements. Food efficiency was calculated and reported. 

K. Clinical Pathology 

Clinical pathology was performed on all main test animals for blood chemistry and hematology of 

the terminal sacrifice animals once toward the end of the dosing phase of the study.  The animals 

were fasted overnight prior to blood collection.  Blood samples for hematology (except 

coagulation samples) and clinical chemistry were collected via sublingual bleeding under 

isoflurane anesthesia during approximately Week 4 of the test period.  Approximately 500 µL of 
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blood was collected in a pre-calibrated tube containing K2EDTA for hematology assessments.  

The whole blood samples were stored under refrigeration and shipped on cold packs.  

Approximately 1000 µL of blood was collected into a tube containing no preservative for clinical 

chemistry assessments.  These samples were centrifuged in a refrigerated centrifuge, and the 

serum was transferred to a labeled tube.  Serum samples were stored in a -80ºC freezer and 

shipped frozen on dry ice.  All samples were shipped to DuPont Haskell Global Centers for 

Health and Environmental Sciences. 

The day before collection of samples for the clinical pathology evaluations, the animals were 

placed in metabolism cages.  Animals were fasted after 3 pm (at least 15 hours prior to blood 

collection), and urine was collected from each animal (PSL SOP # 720.07).  Urine samples were 

stored under refrigeration and shipped on cold packs or wet ice to DuPont Haskell Global Centers 

for Health and Environmental Sciences. 

Blood samples used to determine the prothrombin time and activated partial thromboplastin time 

(coagulation) were collected via the inferior vena cava under isoflurane anesthesia at terminal 

sacrifice.  Approximately 1.8 mL of blood was collected in a pre-calibrated tube containing 3.2% 

sodium citrate.  These samples were centrifuged in a refrigerated centrifuge and the plasma was 

transferred to labeled tubes.  Plasma samples were stored in a -80ºC freezer and shipped frozen in 

dry ice to DuPont Haskell Global Centers for Health and Environmental Sciences.  In addition, a 

second blood sample was retained during the exsanguination procedure for future possible 

evaluation, if treatment-related effects were identified.  No further evaluation was warranted by 

treatment-related, and the sample was discarded upon finalization of the study. 

All blood samples were evaluated for quality by visual examination. 

 Hematology included: 6.K.1

erythrocyte count (RBC) hemoglobin concentration (HGB) 

hematocrit (HCT) mean corpuscular volume (MCV) 

mean corpuscular hemoglobin (MCH) red cell distribution width (RDW) 

absolute reticulocyte count (ARET) platelet count (PLT) 

total white blood cell (WBC) and differential leukocyte count 

Mean corpuscular hemoglobin concentration (MCHC) was calculated. 

In addition, separate, blood smears, stained with New Methylene Blue or Wright-

Giemsa stain, were prepared from each animal undergoing hematological evaluation 

and was examined, if required, to substantiate or clarify the results of hematology 

findings. 

 Coagulation included: 6.K.2

prothrombin time (PT) 

activated partial thromboplastin time (APTT) 

 Clinical chemistry included:  6.K.3

serum aspartate aminotransferase (AST) serum alanine aminotransferase (ALT) 

sorbitol dehydrogenase (SDH) alkaline phosphatase (ALKP) 

total bilirubin (BILI) urea nitrogen (BUN) 

blood creatinine (CREA) total cholesterol (CHOL) 

triglycerides (TRIG) fasting glucose (GLUC) 

total serum protein (TP) albumin (ALB) 

globulin (GLOB) calcium (CALC) 

inorganic phosphorus (IPHS) sodium (NA) 

potassium (K) chloride (CL)  
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 Urinalysis included: 6.K.4

quality (QUAL) pH ketone (KET) 

color (COL) glucose (UGLC) bilirubin (UBIL) 

clarity (CLAR) specific gravity (SG) blood (BLD) 

volume (UVOL) protein (UMTP) urobilinogen (URO) 

microscopic urine sediment examination 

Inadvertently, serum total bile acids analysis was conducted for sample ID 7021 (Deviation 1). 

Since only one additional result for one sample was added, therefore there was no impact on the 

study outcome.   

Any remaining serum samples were maintained frozen at approximately -80°C and discarded 

upon approval of the Sponsor at finalization. 

L. Terminal Sacrifice  

 Scheduled Sacrifice 6.L.1

At terminal sacrifice, all animals were euthanized by exsanguination from the abdominal 

aorta under isoflurane anesthesia.  All animals in the study were subjected to a full 

necropsy, which included examination of the external surface of the body, all orifices, 

and the thoracic, abdominal and cranial cavities and their contents.  All gross lesions 

were recorded.  The following tissues (of all animals) were weighed wet as soon as 

possible after dissection to avoid drying: 

adrenals (combined) kidneys (combined) spleen 

brain liver thymus 

epididymides (combined) testes (combined) uterus 

heart ovaries with oviducts (combined) 

The following organs and tissues from all animals were preserved in 10% neutral buffered 

formalin for possible future histopathological examination (Amendment 1): 

accessory genital organs ileum with Peyer’s patches rectum 

   (prostate and seminal vesicles) jejunum salivary glands (sublingual 

adrenals kidneys    submandibular, and 

all gross lesions larynx     parotid) 

aorta liver  skeletal muscle   

bone (femur) lungs  skin 

bone marrow (from femur lymph node mandibular  spinal cord–3 levels: 

   and sternum) lymph node mesenteric      cervical, mid-thoracic, 

brain–sections including mammary gland     and lumbar 

   medulla/pons, cerebellar, nasal turbinates  spleen 

   and cerebral cortex nose  sternum 

cecum ovaries  stomach 

cervix oviducts  thymus 

colon pancreas thyroid 

duodenum parathyroid trachea 

esophagus peripheral nerve (sciatic) urinary bladder 

Harderian gland pharynx uterus 

heart pituitary gland vagina 
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The following organs and tissues from all animals were preserved in modified 

Davidson’s fixative and then stored in 10% neutral buffered formalin for possible future 

histopathological examination (Amendment 1): 

eyes optic nerve 

epididymides testes 

 Histopathology   6.L.2

Histological examination was performed on the preserved organs and tissues of the animals 

from both the control and high dose groups (Groups 1 and 4, respectively).  In addition, gross 

lesions of potential toxicological significance noted in any test groups at the time of terminal 

sacrifice were also examined.  The fixed tissues were trimmed, processed, embedded in 

paraffin, sectioned with a microtome, placed on glass microscope slides, stained with 

hematoxylin and eosin and examined by light microscopy.  Slide preparation and histological 

assessment, by a board-certified veterinary pathologist, were performed at Histo-Scientific 

Research Laboratories (HSRL). 

M. Acetylcholinesterase Analysis 

Samples for acetylcholinesterase analysis were collected from all animals.  

 Whole Blood 6.M.1

Whole blood samples were collected from each animal under isoflurane/oxygen anesthesia 

from the inferior vena cava (the rats were in the isoflurane/oxygen for no longer than 5 

minutes prior to blood collection).  The time for each blood collection was targeted to be ≤ 10 

seconds.  

Prior to blood collection, syringes were coated with 7.5% EDTA to prevent clotting; 2 to 3 

mL (when possible) of whole blood was transferred into EDTA-coated (lavender top) tubes.  

Blood samples were stored under cold packs on a tilter until being processed at the Testing 

Facility. Blood samples were processed within 1 hour of collection. 

For blood sample processing 1.0% Triton X-100 buffer for RBC sample dilution were 

prepared at the Test Site and shipped with cold packs to the Testing Facility approximately 

one week prior to scheduled sacrifice. Upon arrival the buffer was stored in refrigerated 

conditions until use (Amendment 2). 

All blood samples were maintained on wet ice or cold packs during processing.  Sequential 

steps for processing were as follows: 

 A volume of 1.0 mL of whole blood from the collection tube was transferred into an 

empty labeled vial for processing. 

 The sample was centrifuged for 10 minutes, at 2-8°C, at approximately 2000-2500 

rpm (400-550 g). 

 The plasma and interface was removed from the packed red blood cells and 

discarded.  The packed RBCs were stored on wet ice or refrigerated until the sample 

preparation described below could be performed.  

 The RBCs were diluted by transferring 0.040 mL of the RBCs into a vial containing 

0.560 mL of pre-chilled 1.0% Triton X-100 buffer and mix well by inversion. 

 The samples were snap frozen on dry ice as quickly as possible and stored at 

approximately ≤ -80°C until shipment to the Test Site. 
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 Brain Collection 6.M.2

At terminal sacrifice the brain was excised, rinsed briefly in 0.9% saline and weighed and 

then sectioned in half by a sagittal cut. The portion submitted for acetylcholinesterase analysis 

was weighed to 3 decimal places.  The brain was then placed into an empty labeled 15 mL 

conical tube, snap frozen on dry ice as quickly as possible, and stored at approximately  

≤ -80°C until shipment to the Test Site (Amendment 2). 

Acetylcholinesterase analysis was performed for control and high dose animals.  Evaluation 

of the cholinesterase samples was conducted according to appropriate Test site facility SOP’s 

(SOP 33B2.40C, SOP 33B2.40D).  The remainder samples were stored at approximately  

-80ºC at the Test site (Deviation 3) for future possible analysis but were discarded without 

analysis or approval (Deviation 2).Deviation 3 does not have any impact on the study as all 

the samples were send to testing facility instead of control and high dose but Deviation 2 

impacts the study as Group 2 and Group 3 data could not be analyzed and there is insufficient 

information to determine a dose response. 

 Analytical Report and Records to be Maintained 6.M.3

A signed, analytical report was provided to the Study Director.  This report included the 

methodology, pertinent measurements, study results, GLP compliance statement signed by 

the Principal Investigator, Quality Assurance statement, and tabulated results.  Upon 

completion of the report, all raw data was transferred to the Study Director to be incorporated 

into the main study report. 

7. STATISTICAL ANALYSIS 

Product Safety Labs performed statistical analysis of all data collected during the in-life phase of 

the study as well as organ weight data.  DuPont Haskell Global Centers for Health and 

Environmental Sciences provided analysis of clinical pathology results to Product Safety Labs.  

The use of the word “significant” or “significantly” indicates a statistically significant difference 

between the control and the experimental groups.  Significance was judged at a probability value 

of p<0.05.  Male and female rats were evaluated separately. 

A. Statistical Methods (In-Life and Organ Weight Data) 

Mean and standard deviations were calculated for all quantitative data.  If warranted by sufficient 

group sizes, data within groups were evaluated for homogeneity of variances and normality by 

Bartlett’s test (Bartlett, 1937).  Where Bartlett’s test indicated homogeneous variances, treated 

and control groups were compared using a one-way analysis of variance (ANOVA).  When one-

way analysis of variance was significant, a comparison of the treated groups to control by 

Dunnett’s test (Dunnett, 1964, 1980) for multiple comparisons was performed.  Where variances 

were considered significantly different by Bartlett’s test, groups were compared using a non-

parametric method (Kruskal-Wallis non-parametric analysis of variance; Kruskal and Wallis, 

1952).  When non-parametric analysis of variance was significant, comparison of treated groups 

to control was performed using Dunn’s test (Dunn, 1964).  Statistical analysis was performed on 

all quantitative data for in-life and organ weight parameters using Provantis
®
 version 9, Tables 

and Statistics, Instem LSS, Staffordshire UK. 
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B. Statistical Methods (Clinical Pathology) 

Significance was judged at a probability value of p < 0.05.  Males and females were analyzed 

separately (Provantis
TM

 version 8, Tables and Statistics, Instem LSS, Staffordshire UK). 
  Method of Statistical Analysis 

Parameter Preliminary Test 
If preliminary test 

was not significant 
If preliminary test was significant 

Clinical Pathologya 

Levene’s test for 

homogeneity and 

Shapiro-Wilk test 

for normality 

One-way analysis of 

variance followed 

with Dunnett's test 

Transforms of the data to achieve normality and 

variance homogeneity were used. The order of 

transforms attempted was log, square root, and 

rank-order.  If the log and square root transforms 

failed, the rank-order was used. 

a When an individual observation was recorded as being less than a certain value, calculations were performed on half 

the recorded value.  For example, if bilirubin was reported as <0.1, 0.05 was used for any calculations performed 

with that bilirubin data.  When an individual observation was recorded as being greater than a certain value, 

calculations were performed on the recorded value.  For example, if specific gravity was reported as >1.100, 1.100 

was used for any calculation performed with that specific gravity data. 

Other statistical methods were used if appropriate, at the time of analysis.  The statistical methods 

used are described in the final report. 

C. Statistical Methods (Acetylcholinesterase Analysis) 

Mean and standard deviations were calculated for all quantitative data.  If warranted by sufficient 

group sizes, data within groups was evaluated for homogeneity of variances and normality.  

Where homogeneous variances and normal distribution was observed, treatment and control 

groups were compared using a one-way analysis of variance (ANOVA).  When one-way analysis 

of variance was significant, a comparison of the treated groups to control was performed with a 

multiple comparisons test (e.g. Dunnett’s test). Additional procedures and/or analyses were 

performed if deemed appropriate. 

8. STUDY CONDUCT 

A. Laboratory  
In-life  Product Safety Labs 

 2394 US Highway 130 

 Dayton, NJ 08810 

Ophthalmology evaluation Kristina R. Vygantas, DVM, DACVO 

 319 Perrineville Rd. 

 Robbinsville, NJ 08691 

Clinical chemistry, hematology  DuPont Haskell Global Centers for Health and 

coagulation and urinalysis Environmental Sciences 

 P.O. Box 30 

 Elkton Road 

 Newark, DE 19714 

 P.I.:  Denise Hoban, BA, MLT, ASCP 

Clinical pathology evaluation Product Safety Labs 

 2394 US Highway 130 

 Dayton, NJ 08810 

 P.I.: Mithila Shitut, BVSc & AH, MS 
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Test substance and dose Product Safety Labs 

preparation analysis 2394 Highway 130 

 Dayton, NJ 08810 

 P.I. (s): Devon Langbein, BA 

  

Acetylcholinesterase activity Charles River Laboratories (CRL)    

 905 Sheehy Drive # A 

 Horsham, PA 19044 

 P.I.:  John Barnett, Jr., B.S. 

Histological slide preparation  Histo-Scientific Research Laboratories (HSRL) 

 5930 Main Street 

 Mount Jackson, VA 22842 

 P.I. (histology):  Craig Zook 

Histological slide evaluation Histo-Scientific Research Laboratories 

 5930 Main Street 

 Mount Jackson, VA 22842 

 P.I. (pathology): 

 Katherine A. B. Knostman, DVM, PhD, DACVP 

B. GLP Compliance  

This study was conducted in compliance with the following regulations: 

 40 CFR 792: U.S. EPA Good Laboratory Practice Standards: Toxic Substances Control Act 

(TSCA). 

Which are compatible with: 

 OECD Principles of Good Laboratory Practice (as revised in 1997) published in 

ENV/MC/CHEM (98)17, OECD, Paris, 1998. 

C. Test Procedure Guidelines   

This study design conformed to the following guidelines: 

 OECD Guidelines for Testing of Chemicals and Food Ingredients, Section 4 (Test No. 407):  

Health Effects, Repeated Dose 28-Day Oral Toxicity Study in Rodents (2008). 

 U.S. EPA Health Effects Test Guidelines, OPPTS 870.3050, “Repeated Dose 28-Day Oral 

Toxicity Study in Rodents” (2000). 

9. Quality Assurance 

The Quality Assurance Unit (QAU) of PSL has reviewed this report for GLP compliance and has 

conducted in-process inspections of selected procedures during the study.  The final report has 

been audited for agreement with the raw data records and for compliance with the protocol and 

Product Safety Labs SOPs. 

In addition, PSL QAU has functioned as lead QA for this study and monitored QA activities at 

DuPont Haskell Global Centers for Health and Environmental Sciences and HSRL and CRL.  For 

portions of the study conducted by a subcontractor, the QAU for that facility had conducted 

necessary critical phase inspections and audited respective results and reports for the study phase 

according to the SOPs of that facility. 
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The QA Units from DuPont Haskell Global Centers for Health and Environmental Sciences and 

HSRL and CRL have sent all GLP audit reports to the Study Director, Study Director’s 

management, and PSL QAU as soon as they were issued. 

10. FINAL REPORT AND RECORDS TO BE MAINTAINED 

Information on care of the test system, equipment maintenance and calibration, storage, usage, 

and disposition of the test substance, and all other records that would demonstrate adherence to 

the protocol will be maintained.  Facility records which are not specific to the subject study will 

be maintained by the testing facility and archived according to PSL SOP. 

The original signed report has been sent to the Sponsor.  A copy of the signed report, together 

with the protocol and all raw data generated at Product Safety Labs, are maintained in the Product 

Safety Labs archives.  PSL will maintain these records for a period of at least five years.  After 

this time, the Sponsor of the study will be offered the opportunity to take possession of the 

records or will be offered continued archiving by PSL. 

The following records were maintained: 

A. Information on test substance included but was not limited to the following: 

Storage     Disposition 

Usage      Test substance and dose preparation analysis 

B. Information on animals included but was not limited to the following: 

Receipt, date of birth   Food consumption 

Initial health assessment   Clinical observations 

Functional observation battery  Motor activity 

Dosing     Individual necropsy records 

Body weights    Organ weights 

Histopathology data   Ophthalmologic evaluations 

Acetylcholinesterase activity evaluation 

Hematology, clinical chemistry, urinalysis and coagulation data 

C. All other records that would demonstrate adherence to the protocol. 

Raw data related to clinical pathology evaluations will be maintained by Product Safety Labs 

and/or DuPont Haskell Global Centers for Health and Environmental Sciences, Newark, DE.  

Prepared slides and pathology data will be maintained by Product Safety Labs and/or by HSRL, 

Mount Jackson, VA.  Data for the analysis of the test substance and dose preparations will be 

maintained by CRL and/or Product Safety Labs. 

Any electronic raw data generated by the Test Site was maintained by the Test Site in accordance 

with their GLP archiving procedures. 

11. PROTOCOL AND PROTOCOL AMENDMENTS 

See Appendix A for the Protocol and Protocol Amendments. 
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12. RESULTS 

A. Test Substance and Dose Preparation Analysis (Tables 1A-D, Appendix D) 

The test substance, as determined by measured K32, was found to be stable under the conditions 

of storage at PSL over the course of this study. Based on the overall stability, homogeneity, and 

concentration verification analysis, animals were considered to have received the target dose 

concentrations of K32. 

  Analysis of K32 - Neat Test Substance 12.A.1

The test substance, as determined by measured K32, was found to be stable under the 

conditions of storage at PSL over the course of this study.  Results of the stability 

analysis of the neat K32 were 100.2% of the target concentration on Day 1 (initial), and 

101.5, 102.0, and 101.8 % on Day 30 (final).  The difference in the neat test substance 

concentration over the course of the study was of 1.6% and the overall test substance 

stability was determined to be 101.6% (Table 1A, Appendix D). 

 Homogeneity 12.A.2

Homogeneity analysis of the dose preparations resulted in a relative standard deviation 

(RSD) of 0.1, 0.3 and 1.0% for concentrations of 100, 200, and 400 mg/mL, respectively.  

Average percent of target concentrations in the top, middle, and bottom samples were 

102.8, 103.1, and 101.2% of the target concentrations of 100, 200, and 400 mg/mL, 

respectively (Table 1B, Appendix D). 

 Concentration Verification 12.A.3

Concentration verification analysis samples were collected on the day of preparation for 

initial (Day 1, as part of the homogeneity assessment), mid (Day 14) and final 

preparations (Day 30).  The Day 1 samples averaged 102.8, 206.2, and 404.7%, the Day 

14 samples averaged 108.9, 218.5, and 438.7% , and the Day 30 samples averaged 107.1, 

211.0, and 395.5%, the target concentrations of 100, 200, and 400 mg/mL, respectively 

(Table 1C, Appendix D). 

 Dose Preparation Stability 12.A.4

Dose preparation stability samples, prepared on Day 1, and were collected on Days 1, 4, 

and 7.  Since dose formulations were prepared weekly, Day 7 samples were compared to 

Day 1 to assess sample stability during the administration period under study conditions.  

The results for Day 7 stability were 99.1, 97.9 and 101.5% of the target concentrations 

for 100, 200 and 400 mg/mL of K32 for Groups 2-4, respectively (Table 1D, Appendix 

D). 

B. Ophthalmologic Examinations (Appendix E) 

Both eyes of all animals on study were examined by focal illumination, slit lamp biomicroscopy, 

and indirect ophthalmoscopy prior to study initiation and near termination of the study (Day 25).   

All animals were normal upon ophthalmic exam, the test substance was not considered to be an 

ocular toxicant. 

C. Mortality and Clinical Observations (Tables 2 and 3, Appendices F-H and P) 

There were no test substance-related mortalities during the course of the 28-day study.  There 

were no clinical observations attributed to administration of the test substance.  
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The fate of all animals is presented in Appendix P. 

Males 

Incidental, in-life clinical observations included slight alopecia of the left/right forepaw of 1/5 

Group 1 animals and superficial eschar of the head in 1/5 Group 3 animals.  Corresponding 

detailed clinical observations included hair loss in 1/5 Group 1 animals and eschar of the head of 

1/5 Group 3 animals. 

Females 

Incidental in-life clinical observations included slight to moderate alopecia of the chest and 

left/right forepaw/forelimb of 2/5 Group 1 and 2/5 Group 4 animals.  Corresponding detailed 

clinical observations included hair loss in 2/5 Group 1 and 2/5 Group 4 animals. 

D. Functional Observational Battery (Table 4; Appendices F and I) 

Functional behavioral test performed near termination (Day 23) of the study were comparable 

between the test and control groups of male and female rats.  There were no observations 

attributed to administration of the test substance. 

Males 

Incidental findings included eschar of the head of 1/5 Group 3 animals. 

Mean quantitative measurements for forelimb/hindlimb grip strength and hindlimb foot splay for 

Groups 2-4 were comparable to control Group 1 animals.   

Females 

Incidental findings included hair loss in 1/5 Group 4 animals 

Mean quantitative measurements for forelimb/hindlimb grip strength and hindlimb foot splay for 

Groups 2-4 were comparable to control Group 1 animals. 

E. Motor Activity (Table 5; Figures 1-2; and Appendix J) 

There were no changes in motor activity attributable to administration of the test substance.  Total 

movements for male and female rats in Groups 2-4 were comparable to control Group 1 values.  

F. Body Weight and Body Weight Gain (Tables 6 and 7; Appendices K and L) 

There were no changes in body weight or body weight gain attributable to administration of the 

test substance.  Mean weekly body weights and mean daily body weight gain for male and female 

rats in Groups 2-4 were comparable to control Group 1 values throughout the study. 

G. Food Consumption and Food Efficiency (Tables 8 and 9; Appendices M and N) 

There were no changes in food consumption or food efficiency attributable to administration of 

the test substance.  Mean daily food consumption and mean food efficiency for male and female 

rats in Groups 2-4 were comparable to control Group 1 values throughout the study. 

H. Clinical Pathology (Appendix O) 

 Hematology 12.H.1

There were no test substance related changes in hematology parameters on Day 24. 
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Differences in hematology values that were statistically significant are listed below. 

These were observed in a non-dose dependent manner, and are interpreted to be within 

expected biological variation and are not toxicologically relevant: 

 Mean corpuscular hemoglobin concentration (MCHC) was increased in Group 2 

and 3 males. 

 White blood cell (WBC) count was increased in Group 2 females 

 Absolute lymphocyte (ALYM) count was increased in Group 2 females. 

 Coagulation 12.H.2

There were no test substance related changes in coagulation parameters on Day 32. 

 Clinical Chemistry 12.H.3

There were no test substance related changes in serum chemistry values on Day 24 for 

male rats. 

Potassium (K) was decreased in Group 2, 3 and 4 females. This decrease was observed to 

be within PSL historical ranges and did not have any other clinical chemistry, clinical 

observation or histopathology correlates and is interpreted to have little toxicological 

significance and no adversity. 

Aspartate aminotransferase (AST) and Sorbitol dehydrogenase (SDH) were decreased in 

Group 4 females. Additionally, AST was also decreased in Group 3 males and females. 

The small decreases for AST and SDH do not have any clinical or pathological 

significance and are considered to have no toxicological relevance. 

 Urinalysis 12.H.4

There were no test substance related changes in urinalysis parameters on Day 24 in 

female rats. 

Urine pH was minimally decreased in Group 3 and 4 male rats. This small magnitude 

change, observed to be within PSL historical range and not associated with any other 

urinalysis changes is interpreted to be not adverse. 

In summary, there were no test substance related changes in hematology and coagulation 

for male and female rats and no test substance related changes in serum chemistry 

parameters in male rats and urinalysis parameters in female rats.. Small decreases in 

serum potassium observed for all female groups and minimal decreases in urine pH were 

observed for Group 3 and 4 males. These decreases were considered to have little 

toxicological relevance and no adversity due to the small magnitude of change, within 

PSL historical range values, and the lack of any other significant clinical or pathological 

correlates.  
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I. Sacrifice, Macroscopic Observations, Histopathology, and 
Acetylcholinesterase Analysis (Tables 10-14; Appendices Q-V) 

There were no macroscopic, microscopic or organ weight findings attributed to test substance 

administration. 

 Macroscopic 12.I.1

The uterus was noted as “fluid filled” at necropsy in 3 out of 5 females at 0 mg/kg/day 

K32 (vehicle control Group 1 female Animals 7007, 7008, and 7009), in 1 out of 5 

females at 250 mg/kg/day K32 (Group 2 female Animal 7017), in 1 out of 5 females at 

500 mg/kg/day K32 (Group 3 female Animal 7027), and in 1 out of 5 females at 1000 

mg/kg/day K32 (Group 4 female Animal 7037).  Microscopically, fluid filled uteri 

corresponded to lumenal dilation of the uterus that was attributable to variation in the 

estrous cycle in individual animals and was not associated with the test substance. 

 Microscopic 12.I.2

There were no macroscopic findings related to test substance administration. 

 Organ Weights and Ratios 12.I.3

There were no changes in absolute and relative organ weights attributable to 

administration of the test substance. 

Male 

Mean absolute and relative organ weights for rats in Groups 2-4 were comparable to 

control Group 1 values.   

Female 

Mean absolute and relative organ weights for rats in Groups 2-4 were comparable to 

control Group 1 values.   

 Acetylcholinesterase Analysis 12.I.4

The RBC and brain cholinesterase activities were significantly reduced in male and 

female rats at 1000 mg/kg/dose (Group 4) as compared to the control (Group 0).  

RBC cholinesterase activity was significantly reduced in the male and female rats 

exposed to 1000 mg/kg/day as compared to the respective control group values.  

Brain cholinesterase activity was significantly reduced in the male and female rats 

exposed to 1000 mg/kg/day as compared to the respective control group values. 

13. CONCLUSION 

Under the conditions of the study and based on the toxicological endpoints evaluated, the no 

adverse effect level (NOAEL) for administration of K32 associated with systemic effects was 

determined to be 1000 mg/kg/day, for both male and female Sprague Dawley rats. The RBC and 

brain cholinesterase activities were reduced in male and female rats treated at 1000 mg/kg/day. 
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TABLE 1A: CHEMICAL ANALYSIS RESULTS 

Results for Neat Test Substance Stability Samples 

 

Sampling Day 
Measured 

TS (%) 

Average  

% Change
1 

Overall 

Stability (%) 

1 100.2 

1.6 101.6 
30 101.5 

30 102.0 

30 101.8 

 

 

 

 

                                                           

1
 

TSDay

TSDayTSDayAvg

%1

%1%30. 

 x 100 =  
2.100

2.1007.101 

 

x 100 

Avg. Day 30 measured TS (%) = 101.7 
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TABLE 1B: CHEMICAL ANALYSIS RESULTS 

Results for Homogeneity Dose Preparations – Day 1  

 

Group 
Dose level 

(mg/mL) 

Sampling 

Location 

Average 

Conc. 

(mg/mL) 

Average 

Conc. 

(mg/mL) 

% of 

Target
1
 

Average 

% of 

Target 

%RSD 

1 0 Middle 0 ND NA NA NA 

2 100 

Top 102.7 

102.8 

102.7 

102.8 0.1 Middle 102.9 102.9 

Bottom 102.7 102.7 

3 200 

Top 205.6 

206.2 

102.8 

103.1 0.3 Middle 206.4 103.2 

Bottom 206.7 103.3 

4 400 

Top 401.7 

404.7 

100.4 

101.2 1.0 Middle 403.1 100.8 

Bottom 409.4 102.4 

ND = None Detected; NA = Not Applicable 

RSD = Relative Standard Deviation (%) 

 

                                                           
1
 % of Target = [Calculated Test Substance in dose solution (mg/mL)/Target Dose Concentration (mg/mL)] x 100. 
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TABLE 1C: CHEMICAL ANALYSIS RESULTS 

Results for Concentration Verification 

 

Study Day Group 
Target 

(mg/mL) 

Average Conc. 

(mg/mL) 
% of Target

1
 

1
2
 

1 0 ND NA 

2 100 102.8 102.8 

3 200 206.2 103.1 

4 400 404.7 101.2 

14 

1 0 0 NA 

2
3
 100 108.9 108.9 

3
3
 200 218.5 109.2 

4
3
 400 438.7 109.7 

30 

1 0 0 NA 

2 100 107.1 107.1 

3 200 211.0 105.5 

4
3
 400 395.5 98.9 

NA = Not Applicable; ND = None Detected 

 

                                                           
1
 % of Target = [Calculated Test Substance in dose solution (mg/mL)/Target Dose Concentration (mg/mL)] x 100. 

2
 Average from Day 1 homogeneity results.  

3
 Repeated due to higher-than-expected results being obtained from initial analysis. 
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TABLE 1D: CHEMICAL ANALYSIS RESULTS 

Results for Stability Analysis 

 

Study 

Day 
Group 

Dose Level 

(mg/mL) 

Average 

Conc. 

(mg/mL) 

% of 

Target
1

 

% Change
2
 Overall Stability 

1 

1 0 ND NA NA NA 

2 100 101.5 101.5 NA NA 

3 200 210.3 105.2 NA NA 

4 400 405.2 101.3 NA NA 

4 

1 0 0 NA NA NA 

2 100 98.0 98.0 -3.4 96.6 

3 200 208.5 104.2 -0.9 99.1 

4 400 415.3 103.8 2.5 102.5 

7 

1 0 0 NA NA NA 

2 100 100.5 100.5 -0.9 99.1 

3 200 205.9 103.0 -2.1 97.9 

4 400 411.5 102.9 1.5 101.5 

 

 

                                                           
1
 % of Target = [Calculated Test Substance in dose solution (mg/mL)/Target Dose Concentration (mg/mL)] x 100. 

2
 

SampleInitial

SampleInitialSampleFinal 
 x 100 
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TABLE 2: SUMMARY OF IN-LIFE CLINICAL OBSERVATIONS 
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----------------------------------------------------------------------------------------------------------------------------------------------- 
                                                      Day numbers relative to Start Date 
 
Sex: Male                                                                                                                                       
                                                                 0              250             500            1000      
                                                             mg/kg/day       mg/kg/day       mg/kg/day       mg/kg/day   
                       ------------------------------------------------------------------------------------------------- 
                       Alopecia                                                                                          
                               Number of Observations              4               .               .               .     
                               Number of Animals                   1               .               .               .     
                               Days from - to                  29  32              .               .               .     
                                                                                                                         
                       Eschar                                                                                            
                               Number of Observations              .               .              10               .     
                               Number of Animals                   .               .               1               .     
                               Days from - to                      .               .           16  25              .     
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
----------------------------------------------------------------------------------------------------------------------------------------------- 
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----------------------------------------------------------------------------------------------------------------------------------------------- 
                                                      Day numbers relative to Start Date 
 
Sex: Female                                                                                                                                     
                                                                 0              250             500            1000      
                                                             mg/kg/day       mg/kg/day       mg/kg/day       mg/kg/day   
                       ------------------------------------------------------------------------------------------------- 
                       Alopecia                                                                                          
                               Number of Observations             10               .               .              18     
                               Number of Animals                   2               .               .               2     
                               Days from - to                  27  32              .               .           15  32    
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Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 
Page 40  

PSL Study Number 45082 

 

TABLE 3: SUMMARY OF DETAILED CLINICAL OBSERVATIONS 
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Males 

Days 1, 8, 15, 22, and 29 

Group 1  2  3  4  

Dose Level (mg/kg/day) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Observations During Removal From Cage 

and Handling 
Score1 

Handling Reactivity 0  0  0  0  

Vocalization 0  0  0  0  

Palpebral  0  0  0  0  

Lacrimation 0  0  0  0  

Eyes 0  0  0  0  

Mucous Membranes 0  0  0  0  

Salivation 0  0  0  0  

Emaciation 0  0  0  0  

Piloerection 0  0  0  0  

Fur/Skin 1(3) 0  1(4
2
)  0  

Muscle Tone 0  0  0  0  

Respiratory Pattern 0  0  0  0  

Open Field Observations  

Activity/Arousal 0  0  0  0  

Convulsions 0  0  0  0  

Tremors 0  0  0  0  

Posture 0  0  0  0  

Gait 0  0  0  0  

Locomotion 0  0  0  0  

Vocalizations 0  0  0  0  

Defecation 0  0  0  0  

Urination 0  0  0  0  

Unusual Behaviors 0  0  0  0  

Twitches 0  0  0  0  

Other 0  0  0  0  

Pupillary Response  

Pupillary Reflex 0  0  0  0  

 

  

                                                           
1 An entry of 0 indicates that all animals in the group appeared normal when evaluated for the specified observation, or that all animals 

did not exhibit the specific clinical sign.  An entry greater than 0 indicates the number of animals in the group that exhibited the specific 

clinical sign.  A number in the parenthesis (if present) represents the score given for the observed clinical sign. 
2
 Eschar of the head. 
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Females 

Days 1, 8, 15, 22, and 29 

Group 1  2  3  4  

Dose Level (mg/kg/day) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Observations During Removal From Cage 

and Handling 
Score1 

Handling Reactivity 0  0  0  0  

Vocalization 0  0  0  0  

Palpebral  0  0  0  0  

Lacrimation 0  0  0  0  

Eyes 0  0  0  0  

Mucous Membranes 0  0  0  0  

Salivation 0  0  0  0  

Emaciation 0  0  0  0  

Piloerection 0  0  0  0  

Fur/Skin 2(3)  0  0  2(3)   

Muscle Tone 0  0  0  0  

Respiratory Pattern 0  0  0  0  

Open Field Observations  

Activity/Arousal 0  0  0  0  

Convulsions 0  0  0  0  

Tremors 0  0  0  0  

Posture 0  0  0  0  

Gait 0  0  0  0  

Locomotion 0  0  0  0  

Vocalizations 0  0  0  0  

Defecation 0  0  0  0  

Urination 0  0  0  0  

Unusual Behaviors 0  0  0  0  

Twitches 0  0  0  0  

Other 0  0  0  0  

Pupillary Response  

Pupillary Reflex 0  0  0  0  

 

 

                                                           
1 An entry of 0 indicates that all animals in the group appeared normal when evaluated for the specified observation, or that all animals 

did not exhibit the specific clinical sign.  An entry greater than 0 indicates the number of animals in the group that exhibited the specific 

clinical sign.  A number in the parenthesis (if present) represents the score given for the observed clinical sign. 
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TABLE 4: SUMMARY OF INCIDENCE OF  

FUNCTIONAL OBSERVATIONAL BATTERY FINDINGS 
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MALES 
 

Group 1  2  3  4  

Dose Level (mg/kg/day) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Observations During Removal From Cage 

and Handling 
Score1 

Handling Reactivity 0  0  0  0  

Vocalization 0  0  0  0  

Palpebral  0  0  0  0  

Lacrimation 0  0  0  0  

Eyes 0  0  0  0  

Mucous Membranes 0  0  0  0  

Salivation 0  0  0  0  

Emaciation 0  0  0  0  

Piloerection 0  0  0  0  

Fur/Skin 0  0  1(4
2
) 0  

Muscle Tone 0  0  0  0  

Respiratory Pattern 0  0  0  0  

Open Field Observations  

Activity/Arousal 0  0  0  0  

Convulsions 0  0  0  0  

Tremors 0  0  0  0  

Posture 0  0  0  0  

Gait 0  0  0  0  

Locomotion 0  0  0  0  

Vocalizations 0  0  0  0  

Defecation 0  0  0  0  

Urination 0  0  0  0  

Unusual Behaviors 0  0  0  0  

Twitches 0  0  0  0  

Other 0  0  0  0  

Pupillary Response  

Pupillary Reflex 0  0  0  0  

 
  

                                                           
1 An entry of 0 indicates that all animals in the group appeared normal when evaluated for the specified observation, or that all animals 

did not exhibit the specific clinical sign.  An entry greater than 0 indicates the number of animals in the group that exhibited the specific 

clinical sign.  A number in the parenthesis (if present) represents the score given for the observed clinical sign. 
2
 Eschar of the head. 
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MALES  
 

Group 1  2  3  4  

Dose Level (ppm) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Observation Score
1
 

Open Field Observations  

Activity/Arousal 0 0 0 0 

Convulsions 0 0 0 0 

Tremors 0 0 0 0 

Posture 0 0 0 0 

Gait 0 0 0 0 

Locomotion 0 0 0 0 

Vocalizations 0 0 0 0 

Defecation 0 0 0 0 

Urination 0 0 0 0 

Unusual Behaviors 0 0 0 0 

Manipulative Tests  

Surface Righting 0 0 0 0 

Approach Response 0 0 0 0 

Auditory Response 0 0 0 0 

Tactile Response 0 0 0 0 

Tail Pinch Response 0 0 0 0 

Pupillary Reflex 0 0 0 0 

 
  

                                                           
1 An entry of 0 indicates that all animals in the group appeared normal when evaluated for the specified observation, or that all animals did not 

exhibit the specific clinical sign.  An entry greater than 0 indicates the number of animals in the group that exhibited the specific clinical sign.  A 

number in the parenthesis (if present) represents the score given for the observed clinical sign. 
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MALES  

Mean Quantitative Measurements of Functional Observational Battery 
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FEMALES 
 

Group 1  2  3  4  

Dose Level (mg/kg/day) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Observations During Removal From Cage 

and Handling 
Score1 

Handling Reactivity 0  0  0  0  

Vocalization 0  0  0  0  

Palpebral  0  0  0  0  

Lacrimation 0  0  0  0  

Eyes 0  0  0  0  

Mucous Membranes 0  0  0  0  

Salivation 0  0  0  0  

Emaciation 0  0  0  0  

Piloerection 0  0  0  0  

Fur/Skin 0  0 0 1(3)  

Muscle Tone 0  0  0  0  

Respiratory Pattern 0  0  0  0  

Open Field Observations  

Activity/Arousal 0  0  0  0  

Convulsions 0  0  0  0  

Tremors 0  0  0  0  

Posture 0  0  0  0  

Gait 0  0  0  0  

Locomotion 0  0  0  0  

Vocalizations 0  0  0  0  

Defecation 0  0  0  0  

Urination 0  0  0  0  

Unusual Behaviors 0  0  0  0  

Twitches 0  0  0  0  

Other 0  0  0  0  

Pupillary Response  

Pupillary Reflex 0  0  0  0  

 

  

                                                           
1 An entry of 0 indicates that all animals in the group appeared normal when evaluated for the specified observation, or that all animals 

did not exhibit the specific clinical sign.  An entry greater than 0 indicates the number of animals in the group that exhibited the specific 

clinical sign.  A number in the parenthesis (if present) represents the score given for the observed clinical sign. 
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FEMALES  
 

Group 1  2  3  4  

Dose Level (ppm) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Observation Score
1
 

Open Field Observations  

Activity/Arousal 0 0 0 0 

Convulsions 0 0 0 0 

Tremors 0 0 0 0 

Posture 0 0 0 0 

Gait 0 0 0 0 

Locomotion 0 0 0 0 

Vocalizations 0 0 0 0 

Defecation 0 0 0 0 

Urination 0 0 0 0 

Unusual Behaviors 0 0 0 0 

Manipulative Tests  

Surface Righting 0 0 0 0 

Approach Response 0 0 0 0 

Auditory Response 0 0 0 0 

Tactile Response 0 0 0 0 

Tail Pinch Response 0 0 0 0 

Pupillary Reflex 0 0 0 0 

 
  

                                                           
1 An entry of 0 indicates that all animals in the group appeared normal when evaluated for the specified observation, or that all animals did not 

exhibit the specific clinical sign.  An entry greater than 0 indicates the number of animals in the group that exhibited the specific clinical sign.  A 

number in the parenthesis (if present) represents the score given for the observed clinical sign. 
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FEMALES  
 

Mean Quantitative Measurements of Functional Observational Battery 
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TABLE 5: SUMMARY OF MOTOR ACTIVITY - TOTAL MOVEMENTS1 

  

                                                           
1
 Statistical analysis was performed using INSTAT software.  No significant differences were found in the data. 
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MALES 
 

Group 1  2  3  4  

Dose Level (ppm) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Interval   

1 
Mean 584.0 588.8 486.0 532.8 

SD 63.77 90.51 42.98 91.06 

2 
Mean 422.2 397.4 410.4 365.4 

SD 53.27 62.85 98.26 76.07 

3 
Mean 385.6 387.0 335.2 378.6 

SD 53.80 106.12 117.68 54.53 

4 
Mean 380.2 369.8 257.2 317.8 

SD 117.39 109.91 95.52 37.01 

5 
Mean 393.2 307.0 304.8 319.8 

SD 50.51 19.70 138.32 116.42 

6 
Mean 326.6 368.6 258.2 284.2 

SD 107.88 98.19 130.05 100.36 

Total 

Movements 

Mean 2491.8 2418.6 2051.8 2198.6 

SD 287.15 411.26 423.59 353.44 
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FIGURE 1: MOTOR ACTIVITY - TOTAL MOVEMENTS FOR MALES 
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FEMALES 
 

Group 1  2  3  4  

Dose Level (ppm) 0 250 500 1000 

Number of Animals in Group 5 5 5 5 

Interval   

1 
Mean 469.0 411.0 524.2 488.6 

SD 155.28 111.21 140.40 110.62 

2 
Mean 385.4 398.2 411.8 383.4 

SD 180.80 99.87 102.70 65.99 

3 
Mean 361.4 299.0 409.2 329.0 

SD 161.32 153.41 70.72 83.14 

4 
Mean 189.6 234.4 309.0 344.6 

SD 58.29 16.20 112.23 108.47 

5 
Mean 172.6 286.6 283.8 260.4 

SD 130.66 160.61 56.94 165.98 

6 
Mean 247.6 177.2 205.8 193.8 

SD 136.91 93.89 180.92 108.29 

Total 

Movements 

Mean 1825.6 1806.4 2143.8 1999.8 

SD 443.37 394.31 512.06 529.03 
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FIGURE 2: MOTOR ACTIVITY - TOTAL MOVEMENTS FOR FEMALES 
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TABLE 6: SUMMARY OF MEAN WEEKLY BODY WEIGHTS 
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TABLE 7: SUMMARY OF MEAN DAILY BODY WEIGHT GAIN 
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TABLE 9: SUMMARY OF MEAN FOOD EFFICIENCY1 

                                                           
1 Food efficiency = Mean Daily Body Weight Gain 

               Mean Daily Food Consumption 
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TABLE 10: SUMMARY OF NECROPSY OBSERVATIONS 
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TABLE 11: SUMMARY OF MEAN TERMINAL BODY AND ORGAN WEIGHTS 
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TABLE 12: SUMMARY OF MEAN ORGAN-TO-BODY WEIGHT RATIOS1 

 

 

                                                           
1 [organ weight/body weight] x 1000 
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TABLE 13: SUMMARY OF MEAN ORGAN-TO-BRAIN WEIGHT RATIOS1 

 

 

                                                           
1 [organ weight/brain weight] x 1000 
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TABLE 14: SUMMARY OF ACETYLCHOLINESTERASE ANALYSIS 
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K32 RBC Cholinesterase Activity 

Group 

Target Dose Level 

(mg/kg/day) 

Mean ChE 

ChE U/mL  S.D. (n) Percent of Control 

Male Rats 

1 0 1.194 ± 0.304 (5) - 

4 1000 0.684 ± 0.144 (5) 57.3 

Female Rats 

1 0 1.233 ± 0.073 (5) - 

4 1000 0.797 ± 0.122 (5) 64.6 

 n = The number of rats evaluated for cholinesterase activity.  

 

 

K32 Brain Cholinesterase Activity 

Group 

Target Dose Level 

(mg/kg/day) 

Mean ChE 

ChE U/G  S.D. (n) Percent of Control 

Male Rats 

1 0 14.525 ± 1.291 (5) - 

4 1000 10.150  ± 0.813 (5) 69.9 

Female Rats 

1 0 14.244 ± 0.768 (5) - 

4 1000 11.615 ± 1.500 (5) 81.5 

 n = The number of rats evaluated for cholinesterase activity.  
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APPENDIX A: PROTOCOL, PROTOCOL AMENDMENTS AND PROTOCOL DEVIATIONS 

PRODUCT IDENTIFICATION 
 

K32 
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APPENDIX B: FEED, WATER AND SEROLOGY ANALYSES 

PRODUCT IDENTIFICATION 
 

K32 
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APPENDIX B (cont.): WATER 
 

In March 2017, water was analyzed for contaminants. 

LABORATORY: PRECISION ANALYTICAL SERVICES, INC. 

2161 Whitesville Road 

Toms River, NJ  08755 

 

Results of water analysis for possible contaminants were acceptable within regulatory standards. 
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APPENDIX B (cont.): SEROLOGY 
 

In June 2017, serology from sentinel animals residing in Room #31, which also housed the study animals, 

was obtained from collected blood serum for a battery of common viral and microbiologic pathogens. 

The sentinel animals along with the test animals were in Room #31 from May 8 through June 8, 2017, for 

the duration of the study. Blood samples were collected on June 8, 2017. 

LABORATORY: IDEXX BioResearch 

4011 Discovery Drive 

Columbia, MO 65201 

 

Results of the serology analyses for sentinel animals corresponding with this study are reported as 

samples 108M 6/9/2017, 130F 6/9/2017, 132F 6/9/2017, and 109M 6/9/2017.  All samples were negative 

for microbial antibodies. 

 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 117 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 118 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 119 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 120 

PSL Study Number 45082 

 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 121 

PSL Study Number 45082 

 

APPENDIX C: TEST SUBSTANCE CERTIFICATE OF ANALYSIS 

PRODUCT IDENTIFICATION 
 

K32 
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APPENDIX D: CHEMICAL ANALYSIS 

PRODUCT IDENTIFICATION 
 

K32 
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APPENDIX E: OPHTHALMOLOGY  

PRODUCT IDENTIFICATION 
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APPENDIX F: INDIVIDUAL ANIMAL IN-LIFE OBSERVATIONS 

 

PRODUCT IDENTIFICATION 
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APPENDIX G:  DETAILED CLINICAL OBSERVATIONS AND FUNCTIONAL 

OBSERVATIONAL BATTERY ASSESSMENT METHODS SCORING KEY 

PRODUCT IDENTIFICATION 
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Home Cage Observations 

Biting 0. None 

1. Biting cage 

2. Self-mutilation 

Circling 0. Absent 

1. Present 

Convulsions 0. None 

1. Clonic – alternating periods of contraction and relaxation of muscles 

2. Tonic – prolonged period of muscle contractions 

Posture 0. Normal (awake) – e.g.,  alert, sitting, standing, or rearing or Normal (sleeping) – e.g. 

curled up, usually with head down 

1. Hunched – e.g., abnormal posture 

2. Flattened (prone) –e.g., limbs spread out lying flat or on one side 

Tremors 0. None 

1. Slight – e.g., localized involuntary oscillatory movement  

2. Severe – e.g., more to more than one area or involving whole body 

Twitches 0. None 

1. Slight – brief coarse involuntary muscle contraction 

2. Moderate – increased frequency and severity 

3. Fasciculation – wave-like ripples of a muscle or group of muscles 

Writhing 0. Absent 

1. Present 
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Removal from Cage/Hand-held Observations 

Ease of 

Removal/Handling 

0. Slight/moderate resistance – animal is easy to handle, may squirm or vocalize 

occasionally  

1. No resistance – animal is flaccid when being handled  

2. High resistance – animal is difficult to handle, and/or squirms continuously 

3. Aggressive – biting or lunging behavior specifically directed at handler 

Emaciation 0. Absent  

1. Present (confirmed using body weights) 

Eyes 0. Normal 

1. Exophthalmos – abnormal protrusion of eyeball present 

2. Enophthalmus – posterior displacement of the eye (sunken eyeball) 

3. Eye lesion – mechanical damage or other (e.g., orbital bleeding) 

Fur/Skin Appearance 0. Normal 

1. Unkempt – coat rough or ungroomed, may be slightly stained 

2. Stained/wetness (e.g., ano-genital staining) 

3. Hair loss 

4. Other – includes but is not limited; eschar, wound, laceration or other skin lesions 

Lacrimation 0. Absent 

1. Present – lacrimation noticeable 

2. Excessive – animal has excessive amount of tearing 

Mucous Membranes 

(color) 

0. Normal 

1. Blanch to pink tone  

2. Dusky rose to deep flush 

3. Cyanosis (blue) 

4. Excessive or abnormal secretion 

Muscle Tone 0. Normal – muscles are resilient and firm and the hind legs go through their full range of 

motion 

1. Increased – muscles are rigid; hind limbs will not go through their full range of motion 

2. Decreased – muscles are flaccid; hind limbs have little or no resistance to movement 

Palpebral Closure 0. Eyes wide open 

1. Eyes halfway shut 

2. Eyes completely shut 

Piloerection 0. Absent 

1. Present 

Pupillary reflex 

 

0. Normal 

1. Slow or absent- pupil reaction is slow or absent. 

Respiratory Pattern 0. Normal 

1. Slow 

2. Rapid 

3. Rales (Moist or Dry) 

4. Gasping 

5. Labored  - Dyspnea 

Salivation 0. None 

1. Present - salivation is noticeable around the edge of the mouth 

2. Excessive - salivation extends to the fur around the jaw 

Vocalization 0. Absent 

1. Present - animal vocalizes unprovoked or continuously vocalizes when being handled. 
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Open Field Observations 

Activity/Arousal 0. Alternating behaviors – animal goes through normal repertoire of behaviors during 

observation period; these consist of exploring, sniffing, grooming, rearing, etc.  

1. Inactive/Alert – animal sits in one place during the observation period but appears to 

be aware of its surroundings.  It may go through its normal repertoire of activities but 

the majority of the observation period is spent not moving.  

2. Hypoactive/Not alert – animal sits in one place during the observation period; animal 

appears to be unaware of its surroundings or in a stupor.  

3. Hyperactive/Hyperalert – animal appears excited; animal may dart and freeze during 

the observation period or animal may sit in one place and jump at any sound or 

movement. 

Convulsions 0. None 

1. Clonic – alternating periods of contraction and relaxation of muscles 

2. Tonic – prolonged period of muscle contractions 

Defecation 0. None/Normal 

1. Soft (partially formed) 

2. Diarrhea (watery feces usually of increased volume) 

Gait 0. Normal 

1. Ataxic Gait – inability of truncal, pelvic and limb muscles to move in unison so animal 

is not able to move in straight line (lurch). 

2. Hypotonic gait – impaired gait (limp) due to limb weakness or paralysis in which the 

animal is unable to support is weight but can move forward in a straight line without 

lurching.  

3. Impaired Gait – includes steppage (due to dorsiflexion of foot or toe the animal drags 

its forelimbs, walks on its knuckles or lifts its forelimbs unusually high to avoid 

dragging its toes over the ground); spastic (shuffling gait with legs rigidly extended 

and not lifted during movement; waddling (lateral wobbling of the pelvis); dysmetric 

(incoordinating movement with a coarse tremor due to overshooting goal).  

4. Total gait incapacity – applies when these are severe gait abnormalities or 

combinations of gait abnormality. 

Locomotion (speed and 

vigor of movement) 

0. Normal 

1. Somewhat impaired 

2. Totally impaired 

Other 0. Absent 

1. Present 

NOTE: When present, a comment will identify finding 

Posture 0. Normal (awake) – e.g.,  alert, sitting, standing, or rearing or Normal (sleeping) –  

e.g. curled up, usually with head down 

1. Hunched – e.g., abnormal posture 

2. Flattened (prone) –e.g., limbs spread out lying flat or on one side 

Tremors 0. None 

1. Slight – e.g., localized involuntary oscillatory movement  

2. Severe – e.g., more to more than one area or involving whole body 

Twitches 0. None 

1. Slight – brief coarse involuntary muscle contraction 

2. Moderate – increased frequency and severity 

3. Fasciculation – wave-like ripples of a muscle or group of muscles 

Unusual Behaviors 0. Absent 

1. Present – Stereotypies/Bizarre behavior/Aggression be specific in describing all 

unusual behaviors on data sheet 

Urination 0. None/Normal 

1. Excessive 

Vocalizations 0. Absent 

1. Present  
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Manipulative Tests 

Approach Response 0. Noticeable reaction – when approached, animal may freeze, slowly approach, sniff the 

object, or turn away; the animal appears noticeably aware of the object 

1. No response 

2. Exaggerated reaction – the animal attacks or runs away from the object 

Auditory Response 

 

0. Noticeable reaction – typical response may be immediate pinna movement or flinch 

1. No response 

2. Exaggerated reaction – the animal is aggressive towards or rapidly runs from the source 

of noise 

Pupillary reflex 

 

0. Normal 

1. Slow or absent- pupil reaction is slow or absent. 

Surface Righting 0. Normal 

1. Slow reaction – animal is slow to right itself 

2. Absent – animal is unable to right itself 

Tactile Response 

 

0. Noticeable reaction – typical responses may include slowly turning just the head or the 

entire body or walking away 

1. No response 

2. Exaggerated reaction – the animal is aggressive towards the object, jumps or rapidly 

runs away 

Tail Pinch Response 0. Noticeable reaction – typical responses are walking away or turning towards the tail 

1. No response 

2. Exaggerated reaction – the animal jumps, runs or is aggressive towards stimuli 
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APPENDIX H: INDIVIDUAL ANIMAL DETAILED CLINICAL OBSERVATIONS 

PRODUCT IDENTIFICATION 
 

K32 
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APPENDIX J: INDIVIDUAL ANIMAL MOTOR ACTIVITY FINDINGS 

PRODUCT IDENTIFICATION 
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TOTAL MOVEMENTS 

 

Group 1 - Control (0 mg/kg/day) 

MALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7001 631 413 314 317 401 225 2301 

7002 665 485 348 564 455 393 2910 

7003 526 343 404 252 356 293 2174 

7004 520 416 448 405 424 242 2455 

7005 578 454 414 363 330 480 2619 

Mean 584.0 422.2 385.6 380.2 393.2 326.6 2491.8 

SD 63.77 53.27 53.80 117.39 50.51 107.88 287.15 
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TOTAL MOVEMENTS 

 

Group 2 – K32 (250 mg/kg/day) 

MALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7011 577 383 490 402 293 413 2558 

7012 593 464 390 375 280 380 2482 

7013 444 322 242 183 314 197 1702 

7014 661 358 486 469 324 439 2737 

7015 669 460 327 420 324 414 2614 

Mean 588.8 397.4 387.0 369.8 307.0 368.6 2418.6 

SD 90.51 62.85 106.12 109.91 19.70 98.19 411.26 
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TOTAL MOVEMENTS 

 

Group 3 – K32 (500 mg/kg/day) 

MALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7021 423 538 201 202 364 330 2058 

7022 470 485 508 372 493 234 2562 

7023 502 310 254 224 121 48 1459 

7024 539 387 360 341 303 387 2317 

7025 496 332 353 147 243 292 1863 

Mean 486.0 410.4 335.2 257.2 304.8 258.2 2051.8 

SD 42.98 98.26 117.68 95.52 138.32 130.05 423.59 
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TOTAL MOVEMENTS 

 

Group 4 – K32 (1000 mg/kg/day) 

MALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7031 408 262 356 375 320 147 1868 

7032 581 456 437 295 328 387 2484 

7033 479 337 297 301 206 219 1839 

7034 642 422 413 334 506 305 2622 

7035 554 350 390 284 239 363 2180 

Mean 532.8 365.4 378.6 317.8 319.8 284.2 2198.6 

SD 91.06 76.07 54.53 37.01 116.42 100.36 353.44 
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TOTAL MOVEMENTS 

 

Group 1 - Control (0 mg/kg/day) 

FEMALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7006 399 315 485 267 300 238 2004 

7007 625 678 574 120 2 450 2449 

7008 646 357 295 194 65 144 1701 

7009 363 187 189 147 250 105 1241 

7010 312 390 264 220 246 301 1733 

Mean 469.0 385.4 361.4 189.6 172.6 247.6 1825.6 

SD 155.28 180.80 161.32 58.29 130.66 136.91 443.37 
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TOTAL MOVEMENTS 

 

Group 2 – K32 (250 mg/kg/day) 

FEMALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7016 415 471 496 239 312 148 2081 

7017 322 227 99 216 446 234 1544 

7018 451 424 389 258 340 262 2124 

7019 573 403 297 236 319 215 2043 

7020 294 466 214 223 16 27 1240 

Mean 411.0 398.2 299.0 234.4 286.6 177.2 1806.4 

SD 111.21 99.87 153.41 16.20 160.61 93.89 394.31 
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TOTAL MOVEMENTS 

 

Group 3 – K32 (500 mg/kg/day) 

FEMALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7026 451 384 364 332 297 254 2082 

7027 463 429 413 440 261 289 2295 

7028 391 255 318 200 256 24 1444 

7029 748 460 455 386 376 440 2865 

7030 568 531 496 187 229 22 2033 

Mean 524.2 411.8 409.2 309.0 283.8 205.8 2143.8 

SD 140.40 102.70 70.72 112.23 56.94 180.92 512.06 
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TOTAL MOVEMENTS 

 

Group 4 – K32 (1000 mg/kg/day) 

FEMALES 

Animal # 
Interval Total 

Movements 1 2 3 4 5 6 

7036 520 460 315 426 472 211 2404 

7037 540 436 391 284 322 281 2254 

7038 628 364 436 478 254 247 2407 

7039 402 294 260 327 241 224 1748 

7040 353 363 243 208 13 6 1186 

Mean 488.6 383.4 329.0 344.6 260.4 193.8 1999.8 

SD 110.62 65.99 83.14 108.47 165.98 108.29 529.03 
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APPENDIX K: INDIVIDUAL ANIMAL WEEKLY BODY WEIGHTS 

 

PRODUCT IDENTIFICATION 
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APPENDIX L: INDIVIDUAL ANIMAL MEAN DAILY BODY WEIGHT GAIN 

 

PRODUCT IDENTIFICATION 
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APPENDIX M: INDIVIDUAL ANIMAL MEAN DAILY FOOD CONSUMPTION 

 

PRODUCT IDENTIFICATION 
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APPENDIX N: INDIVIDUAL ANIMAL FOOD EFFICIENCY1   

 

PRODUCT IDENTIFICATION 
 

K32 

 

                                                           
1 Food efficiency = Mean Daily Body Weight Gain 

               Mean Daily Food Consumption 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 309 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 310 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 311 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 312 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 313 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 314 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 315 

PSL Study Number 45082 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 316 

PSL Study Number 45082 

 

 

Contains Confidential Business Information  

Contains Proprietary Information: This document contains and makes reference to information that   
Koch Agronomic Services, LLC (KAS) considers to be commercially valuable.  The fact that this document  

 might be provided to a government agency by KAS, or made available to the public by a government agency, should not be construed   
to convey any right to any third-party to cite, rely upon, or otherwise make use of this document, or the data referenced herein, for any purposes. 

Any use other than use by the United States Environmental Protection Agency is prohibited 
without the express written permissions of an authorized representative of KAS. 



 Page 317 

PSL Study Number 45082 

 

APPENDIX O: CLINICAL PATHOLOGY EVALUATION  

CONTRIBUTING SCIENTIST REPORT 
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                                                            PSL Study Number 45082                                                              
                                              K32: A 28-Day Repeat Dose Oral Gavage Study in Rats                                               
                                                                        
----------------------------------------------------------------------------------------------------------------------------------------------- 
 
                                                                     Removal     Removal    Removal     Time    Removal   Pathology 
           Group   Dose Level              Sex      Animal  Cage   Day    Week     Date       Time      Slot    Symptom   Reason    
           ------------------------------------------------------------------------------------------------------------------------ 
                                                                                                                                    
             1     0 mg/kg/day            Male        7001  7001     32      5   09/06/17     7:54     .        Term      Term      
                                                      7002  7002     32      5   09/06/17     7:54     .        Term      Term      
                                                      7003  7003     32      5   09/06/17     7:54     .        Term      Term      
                                                      7004  7004     32      5   09/06/17     7:54     .        Term      Term      
                                                      7005  7005     32      5   09/06/17     7:54     .        Term      Term      
                                                                                                                                    
             1     0 mg/kg/day            Female      7006  7006     32      5   09/06/17     7:54     .        Term      Term      
                                                      7007  7007     32      5   09/06/17     7:54     .        Term      Term      
                                                      7008  7008     32      5   09/06/17     7:54     .        Term      Term      
                                                      7009  7009     32      5   09/06/17     7:54     .        Term      Term      
                                                      7010  7010     32      5   09/06/17     7:54     .        Term      Term      
                                                                                                                                    
             2     250 mg/kg/day          Male        7011  7011     32      5   09/06/17     7:54     .        Term      Term      
                                                      7012  7012     32      5   09/06/17     7:54     .        Term      Term      
                                                      7013  7013     32      5   09/06/17     7:54     .        Term      Term      
                                                      7014  7014     32      5   09/06/17     7:54     .        Term      Term      
                                                      7015  7015     32      5   09/06/17     7:54     .        Term      Term      
                                                                                                                                    
             2     250 mg/kg/day          Female      7016  7016     32      5   09/06/17     7:54     .        Term      Term      
                                                      7017  7017     32      5   09/06/17     7:54     .        Term      Term      
                                                      7018  7018     32      5   09/06/17     7:54     .        Term      Term      
                                                      7019  7019     32      5   09/06/17     7:54     .        Term      Term      
                                                      7020  7020     32      5   09/06/17     7:54     .        Term      Term      
                                                                                                                                    
             3     500 mg/kg/day          Male        7021  7021     32      5   09/06/17     7:54     .        Term      Term      
                                                      7022  7022     32      5   09/06/17     7:54     .        Term      Term      
                                                      7023  7023     32      5   09/06/17     7:54     .        Term      Term      
                                                      7024  7024     32      5   09/06/17     7:55     .        Term      Term      
                                                      7025  7025     32      5   09/06/17     7:55     .        Term      Term      
                                                                                                                                    
             3     500 mg/kg/day          Female      7026  7026     32      5   09/06/17     7:55     .        Term      Term      
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                                                                     Removal     Removal    Removal     Time    Removal   Pathology 
           Group   Dose Level              Sex      Animal  Cage   Day    Week     Date       Time      Slot    Symptom   Reason    
           ------------------------------------------------------------------------------------------------------------------------ 
                                                                                                                                    
             3     500 mg/kg/day          Female      7027  7027     32      5   09/06/17     7:55     .        Term      Term      
                                                      7028  7028     32      5   09/06/17     7:55     .        Term      Term      
                                                      7029  7029     32      5   09/06/17     7:55     .        Term      Term      
                                                      7030  7030     32      5   09/06/17     7:55     .        Term      Term      
                                                                                                                                    
             4     1000 mg/kg/day         Male        7031  7031     32      5   09/06/17     7:55     .        Term      Term      
                                                      7032  7032     32      5   09/06/17     7:55     .        Term      Term      
                                                      7033  7033     32      5   09/06/17     7:55     .        Term      Term      
                                                      7034  7034     32      5   09/06/17     7:55     .        Term      Term      
                                                      7035  7035     32      5   09/06/17     7:55     .        Term      Term      
                                                                                                                                    
             4     1000 mg/kg/day         Female      7036  7036     32      5   09/06/17     7:55     .        Term      Term      
                                                      7037  7037     32      5   09/06/17     7:55     .        Term      Term      
                                                      7038  7038     32      5   09/06/17     7:55     .        Term      Term      
                                                      7039  7039     32      5   09/06/17     7:55     .        Term      Term      
                                                      7040  7040     32      5   09/06/17     7:55     .        Term      Term      
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APPENDIX Q: INDIVIDUAL ANIMAL TERMINAL BODY AND ORGAN WEIGHTS 

PRODUCT IDENTIFICATION 
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APPENDIX V: ACETYLCHOLINESTERASE ANALYSIS 

PRODUCT IDENTIFICATION 
 

K32 

 
 

Submitted By: 

 
CRL 

Charles River Laboratories 

905 Sheehy Drive # A 

Horsham, PA 19044 
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